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(57)Abstract: 

PURPOSE: To jmprove the lateral mode selectivity. by constituting gain regions, 
each having a specified aspect ratio in cross section to control the polarizing 
direction. .. , . 

CONSTITUTION: At the uppermost metallized contact 1 5 covering a rhomboid 
active region ADCD, the diagonaljine AC is at least 1.2 times as long as the, 
diagonal . line BD. The active region shape is : such that the main dimension is, 
selected as the longest line segment passingthe center of the active region in a 
cross section. The long (main dimension) diagonal Ijne AC hence passes the 
center of the active region and the short (subdimension) diagonal Jhiq BD is. the 
longest vertical line. A t light generated in the active region is reflected between . 
stacks 11,12 and part of this light is. emitted through a wjndpw 20. Owing,to this 
active region shape, thus emitted light has preferentially a low order and is 
polarized in the main dimension AC direction. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Laser characterized by being the semi-conductor perpendicular cavity laser of a type including an 
active region with the configuration of the crossing direction inserted into the lengthwise direction between the 
reflecting layers of a pair, for the active region which has the configuration of the one aforementioned longitudinal 
direction as an improving point having the main dimension and the subdimension which intersects perpendicularly, 
and the aforementioned main dimension exceeding only 1.2 or the multiplier beyond it from the aforementioned 
subdimension. 

[Claim 2] Laser of claim 1 with which the aforementioned active region has a rhomboid configuration, and the 
aforementioned subdimension is characterized by the aforementioned subdimension meeting the diagonal line of 
another side by the aforementioned main dimension along with one diagonal line along with one diagonal line. 
[Claim 3] Laser of claim 1 characterized by for the aforementioned active region having a rhomboid configuration 
containing two crossing circles, and the aforementioned countershaft meeting a diameter along with the line of 
the center to center of the circle of the above [ the aforementioned main dimension ]. 

[Claim 4] Laser of claim 1 characterized by including the active region of one pair constituted so that a cross- 
joint configuration might be intersected. 

[Claim 5] It is polarization switching semi-conductor perpendicular cavity laser including the semi-conductor 
active region inserted into the lengthwise direction between the reflecting layers of a pair. It is constituted in the 
crossing direction so that the aforementioned semi-conductor active region may have the field where plurality 
crosses. Polarization switching semi-conductor perpendicular cavity laser which each aforementioned field has 
the one main dimension and one subdimension which intersects perpendicularly, and is characterized by only 1 .2 
or the multiplier beyond it being large, and having the electrode means by which each aforementioned field is 
separate from the subdimension of the above [ the aforementioned main dimension ]. 
[Claim 6] Claims 1 , 2, 3, and 4 characterized by containing further the optical diode extended around the 
aforementioned active region, or 5 laser. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to semi-conductor perpendicular cavernous laser with 
semiconductor laser, the polarization control (polarizationcontrol) which improved in the detail more, and 
transverse-mode (transverse mode) selectivity. Polarization switching laser (polarization switching laser) is also 
described. 
[0002] 



-2- 



[Description of the Prior Art] Semiconductor laser is attractive to a wide range application including optical 
connection of telecommunication, a computing system, an optical recording system, and an integrated circuit: 
' Semiconductor laser offers the compact light source of the. coherent . homogeneous light which can be modulated 
in a high bit rate, in order to transmit a lot of information. 

[0003] Perpendicular cavity surface luminescence laser (vertical cavity surface emitting laser, VCSEL) is [ as 
opposed to / especially / the application which requires the laser of a 2-dimensional array ] promising. The end- 
face luminescence laser (edge emitting laser) which emits light in parallel with the growth flat surface of those 
substrates is VCSEL objectively. Light is perpendicularly emitted to those substrates. Typical VCSEL The active 
region across which it faced between the distribution Bragg reflection machine (distributed Bragg reflector) stacks 
of a pair is included. If a suitable current is poured in through this active region, a laser beam will be 
perpendicularly emitted to the flat surface of growth. 
[0004] 

[Problem(s) to be Solved by the Invention] The conventional VCSEL One difficulty which it has is that the 
polarization control and selectivity over horizontal light mode are absent For the end-face luminescence laser 
with long cavity length (100 to 500 micrometer), and narrow stripe width of face (one to 10 micrometer), VCSEL is 
typically short cavernous length (200 to 500 nm), and comparatively big crossing **** (it has transverse circular 
areas (diameter of ten to 20 micrometer).) objectively. The deviation of the light emitted is defined by the 
anisotropy on typically accidental manufacture, and may change with devices in a certain array. Furthermore, 
these laser generates a high order transverse-mode optical output in loose output power, and generates a multi- 
mode output in high power. However, existence of the higher mode introduces a mode competition noise (mode 
competition noise) in an optical output, and complicates association to an optical fiber. Therefore, the need, of 
receiving perpendicular cavity laser with the polarization control and transverse-mode selectivity which improved 
exists. 

[0005] - 

[Means for Solving the Problem] By operating a laser gain field orthopedically suitably (shaping), these people 
controlled the polarization direction of semi-conductor perpendicular cavjty laser, and it was proved [people] 
that those transverse-mode selectivity could be improved. The emission which has polarization in the dimension 
(long dimension) of the longer one in a basic mode can be favorably treated by constituting so that it may have in 
a detail the aspect ratio (length-to-width ratio) to which the cross section (transverse cross section) of a gain 
field exceeds 1.2 more (configure). Cruciform structure treats favorably emission with the rectangular polarization 
in which a switch is possible, this cross-section configuration (transverse shape) carries out dry etching of the 
specific cavity configuration into refractive-index guide laser (index guided laser) — or it can. form by forming the 
ion transplantation field orthopedically operated around gain guide laser (gain guided laser). 

[Example] ExplanalJon of a drawing is started and the perspective view of tne surface luminescence laser 9. with 
which the active region was constituted by the rhomboid (diamond) configuration ABCD is shown in drawing. 1 . In 
the longitudinal section (longitudinalcross section), laser 9 essentially includes the active region 10 placed among 
the distribution Bragg reflection machine (distributed Bragg reflector) stacks 1 1 and 1 2 of a pair. This structure is 
manufactured for example, on a semi-conductor substrate 13 like n TAIPUHHzed gallium. The inside reflector 
stack 1 1 consists of periodic sequences of a layer like the layer of aluminium gallium arsenide (aluminum gallium 
arsenide) and Hl-ized aluminum. Preferably, the layer of the inside stack 1 1 is doped with the impurity same type 
as a substrate. An active region 10 consists of a barrier layer by which mutual arrangement was carried out, and a 
quantum well layer, for example, the layer of the aluminium gallium arsenide and gallium arsenide by which mutual 
arrangement was carried out As an option, this active region may be GaAs hetero structure. The outside 
reflector stack 12 consists of periodic layers like for example, p-TAIPUHHzed aluminum gallium and Hl-ized 
aluminum. Etching (it is illustrated like) removal is carried out, or the surrounding field 14 of a barrier layer 10 is 
made high resistance by proton import (with no illustration). In order to provide an active region 10 with a current, 
ohmic contact 15 is made to the outside stack 12, and the second ohmic contact (with no illustration) is made to 
a substrate 13. 

[0007] An active region is constituted so that the direction of polarization may be controlled and the horizontal 
light mode demanded may be treated favorably. This active region is made into a configuration in which the cross 
section has the main dimension into which only 1.2 or the multiplier beyond it exceeds the subdimension of a 
vertical section. Drawing 1 shows the contact 15 of the metalized top which covers the rhomboid active region 
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ADCD more to a detail. As for the diagonal line AC, only 1.2 or the multiplier beyond it exceeds the diagonal line 
BD. In order to allow emission of light, opening 20 is offered in contact 15. 

[0008] If still stricter description of the configuration as which an active region is required is performed, the main 
dimension (majordimension) will be chosen as longest line segment in the cross section (transverse cross section) 
which passes through the core of an active region. A subdimension follows and is. the longest line segment 
perpendicular to this main dimension of this cross section. When applied to the example of drawing 1 , the long 
(the main dimension) diagonal line AC passes through the core of an active region, and the short (subdimension) 
diagonal line BD is the longest Rhine perpendicular to AC. 

[0009] Since [ which shines and offers the detector of business ] the integrated light diode (integral photodiode) 
16 with contact 16A was preferably emitted to the longitudinal direction, it is formed so that the perimeter of 
laser may be surrounded substantially. In order that emission of this longitudinal direction may supervise and 
control laser to be explained later, the information about an effective threshold and an internal transition rate is 
offered. 

[0010] In actuation, the electrical potential difference applied between substrate contacts in contact 15 generates 
the current which flows through the rhomboid active region 10 which lies to the contact 15 down side. The light 
generated in the active region is reflected among stacks 1 1 and 12, and a part of this light is emitted through a 
window 20. The light emitted in this way for the configuration of this active region has low order mode in 
preferential treatment, and is deflected in the direction of the main dimension AC. 

[001 1] Drawing 2 shows the second example of the surface luminescence laser in which the cross section 17 has 
the configuration of the "dumbbell (dumbell)" configuration containing the circle which a pair intersects. Here, the 
main dimension AC meets Rhine (extended on these peripheries) which connects the core of two circles. As for 
this, only 1.2 or the multiplier beyond it is larger than the subdimension BD which consists of a diameter of circle. 
Although this device is substantially manufactured by the same approach with the device explained in connection 
with drawing 1 , points with a cross-section configuration as an active region indicated to be differ. The emission 
from this device treats the basic TE10 mode favorably. 

[0012] Although drawing 3 is the perspective view of polarization switching laser according to this invention which 
consists of surface luminescence laser, the cross section 18 is 90 here. It has the configuration of the cross-joint 
form it can be considered that is a rectangle of the crossing pair. Each rectangle has the main dimension (that is, 
die length AB) only with the multiplier of 1 .2 longer than a subdimension (that is, width of face BC). Each 
rectangle is provided with ohmic contact 15 in the place of each edge of the main dimension. 
[0013] In actuation, an electrical potential difference is applied to the rectangle of one of the two or another side 
by the approach in which a switch is possible. This generates the optical output deflected in accordance with the 
main dimension of the rectangle in which an electrical potential difference is applied to it. A deviation is 90 by 
switching an electrical potential difference to the rectangle plan other side from rectangle of one of .the. two. -it is--, 
switched. The emission from this device has the TE11 superior mode. - 

[0014] He can understand the structure of this laser, manufacture, and actuation in a detail more by taking the 
following concrete examples into consideration. In order to grow up a series of layers which constitute the 
structure of drawing 1 where two or more surface luminescence laser contains the inside reflector stack 11, the 
quantum well active region 10, and the top reflector stack 12, it grew up on the n doped gallium arsenide 13. using 
the MBE process. 

[0015] The inside reflector stack 11 was manufactured by growing up a stairway distribution Bragg reflection 
machine with the layer of 29 periods. Each period consists of 51 5A aluminum. 16 Ga.84 As, 99A aluminum.58 Ga.42 
As, 604A AlAs, and 99A aluminum.58 Ga.42 As. These AIGaAs(es) layer was doped to the concentration of 
3x1018crn-3 with the n-type impurity, for example, silicon. 

[0016] The active region grew on the bottom reflector stack 1 1 by MBE. As a reserve step, the spacer layer of 
aluminum. 1 6 Ga.84 As grew on the stack 1 1 . Preferably, the thickness of this spacer layer is chosen so that the 
central antinode of a standing wave may overlap these quantum wells. In this example, this thickness is about 
890A. The quantum well field on a spacer layer includes five quantum well walls which consist of a 70A GaAs well 
layer and the barrier layer of 70A aluminum.16 Ga.84 As. The second 890A aluminum. 1 6Ga84As spacer layer grew 
on this field. The restricted hetero structure for efficient carrier capture was formed by facing across the active 
region of a quantum well in these two spacer layers. 

[0017] the top reflector stack 12 — the active region of a quantum well — it grew up to be a detail on the top 
spacer layer of a field 10 more 10 top. For this stack 12, a stack 12 is p although it is similar with the bottom 
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stack 1 0. - It is doped and the points which contain some periods rather than a stack 1 1 so that light may be 
emitted differ. More, a stack ! 2 is doped by the detail so that it may increase toward the concentration of 3x10- 
18 cm-3, and a front face jn near an active region in Be and may become the concentration of 2x10.19. 
[0018] After growth of an ingredient, the metal contact layers 15 and 16A were applied, and then it was 
patternized by two or more cross-section configurations (transverse configuration) according to the conventional 
lift-off process. The conventional circular configuration and drawing 1 , and a configuration as shown in 2 and 3 
are included in these cross-sections configuration. A desirable contact layer is the film of 200nm thickness of 
Au/Ti/AuBe. 

[0019] After the configuration (configuration) of contact, it is Si02. Since a layer deposited to about 3000A 
thickness and covered the laser window 20 (and 18 of a cruciform device) by plasma promotion chemical vacuum 
deposition, it was patternized. This structure is SiCI4 in order to penetrate an outer layer (epilayers) next and to 
etch by about 7.0-micrometer Fukashi. 1 60 mW/cm [ in / it is used and / the pressure of 5x10-3Torr, and 
1 3.56MHz ]2 Dry etching was carried out by reactive ion etching by radio frequency power, the cross sectional 
area of the gain field to each laser structure, i.e., circular, rhomboid, and cruciform structure — about 320 — 
micrometer2 it was . This process forms the monolithic light diode 1 6 in formation and the coincidence target of 
laser conveniently. 

[0020] The sample was carried in the copper block with indium solder. The shaft-orientations emission from the 
top field was measured under cw excitation. Natural longitudinal direction emission was measured from the 
photocurrent of the optical diode surrounded to coincidence. 

[0021] Drawing 4 , and 5, 6 and 7 are drawings in which the optical reinforcement of the conventional circular 
configuration laser, the shaft orientations as a function of a drive current [ respectively as opposed to drawing 1 
and the device of 2 and 3 ], and a longitudinal direction is shown. (Although it does not have the electrode with 
which plurality was separated as a cruciform device is shown in drawing 3 , it has a single electrode with the hole 
for light emission similar to drawing 1 and 2) . Substrate temperature was 180 degrees K. Since each device has 
the photodetector of itself, a perpendicular scale cannot be compared directly. 

[0022] For example, the laser threshold current 1th is discriminable from change of the inclination of the 
photocurrent of a longitudinal direction detector so that drawing 4 may show. This is identified by the vertical 
lines of a dotted line. This longitudinal direction photocurrent also shows an internal transition rate again. Shaft- 
orientations radiation of circular laser ( drawing 4 ) is noticed about a very big noise being shown as compared 
with drawing 1 and the laser of 2 and 3. This noise reduction is based on drawing 1 and the transverse-mode 
selectivity with which the structure of 2 and 3 was strengthened. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the abbreviation perspective view of surface luminescence laser. 
[Drawing 2] It is one alternative example of surface luminescence laser. 
[Drawing 3] It is polarization switching laser. 

[Drawing 4] It is the drawing in which the relation between the shaft orientations and longitudinal direction light 
reinforcement to various surface luminescence laser which the active region of various cross-section 
configurations has, and a drive current is shown. 

[Drawing 5] It is the drawing in which the relation between the shaft orientations and longitudinal direction light 
reinforcement to various surface luminescence laser which the active region of various cross-section 
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configurations has, and a drive current is shown. 

[Drawing' 61 It is the drawing in which the relation between the shaft orientations and longitudinal, direction light 
reinforcement to various surface luminescence laser which the active region of various cross-section 
configurations has, and a drive current is shown. 

[Drawing 7] It is the drawing in which the relation between the shaft orientations and longitudinal direction light 
reinforcement to various surface luminescence laser which the active region of various cross-section 
configurations has, and a drive current is shown. 
[Description of Notations] 

9 Surface Luminescence Laser 

1 0 Active Region 

11 12 Stack . 

13 Substrate 

14 Surrounding Field 

15 Ohmic Contact 

1 6 Integrated Light Diode 
1 6A Contact 

20 Opening 



[Translation done.] 
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